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A  review of the relatively scant literature dealing with acute mer- 
curic chloride intoxications shows a  preponderance of clinical papers 
with suggestions relative to the  treatment of poisoning and bu  few 
investigations  which  have  as  their object  an  understanding  of  the 
cause  of  the  remote  tissue  changes,  especially  those  of  the  kidney. 
The  investigations  which  have  been  primarily  concerned with  the 
acute pathology induced by mercuric chloride in organs remote from 
the intestine have either considered the injury to be dependent upon 
the action of the metal on the vascular tissues of the organ, or to be 
due  to  the  action  of  the  metal  as  such  on  the  parenchyma  of  the 
organ during elimination. 
Von Mehring  1 considered the toxic action of mercury in the kidney and also in 
the intestine to be due to a general vasomotor paralysis.  Heineke  2 and Kauf- 
mann  s held the opinion that mercury in the blood had a  thromboplastic action 
and that the damage to the kidney depended upon the formation of thrombi 
with the production of infarcts.  Schmiedeberg  4 considers  the changes  in  the 
* Aided by a grant from The Rockefeller Institute for Medical Research. 
1 yon Mehring, J., Ueber die Wirkungen des Quecksilbers  auf den thierischen 
Organismus,  Arch. exp. Path. u. Pharm., 1881, xiii, 86. 
2 Heineke, W,  Die Fermentintoxication und deren Beziehung zur Sublimat- 
und Leuchtgasvergiftung, Deutsch. Arch. klin, Med., 1888, xlii, 147. 
s Kaufmann, E., Neuer Beitrag zur Sublimatintoxication nebst Bemerkungen 
fiber die Sublimatniere, Virchows Arch. path. Anat., 1889, cxvii, 227. 
4 Schmiedeberg,  O.,  Grundriss der Pharmakologie in Bezug aufArzneimktel- 
lehre und Toxikologie, Leipsic, 5th edition, 1906. 
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mucous membrane of the colen and kidney to be due to the destructive action of 
the metal during its elimination.  In a recent study of acute mercury poisoning 
by Burmeister and McNally  5 the same conclusion is apparently reached as that 
held by Schmiedeberg concerning the way in which the toxic effect of mercury is 
induced.  The authors note the marked variation in the toxic action of the metal 
and consider that the hepatic changes vary with the duration of the intoxication, 
while the kidney damage varies with the size of the dose as well as the duration of 
the intoxication.  In the animals receiving massive doses immediate renal changes 
develop which vary with the size of the dose, while with smaller doses the renal 
changes depend upon the length of time  the animal is able  to  withstand  the 
intoxication. 
In an investigation  G  conducted several years ago, in which various nephrotoxic 
agents were employed, a study was made of the relative affinity of different kid- 
ney poisons for the epithelium of the kidney and of the relation between  the 
degree of epithelial damage and the ability of the kidney to form urine.  Mer- 
curic chloride was used in eight animals.  The salt was given subcutaneously in 
the dose of 10 rag. per kilo.  The nephropathy induced by these injections was 
variable in both the frequency with which it occurred and the constancy of the 
pathological changes in the kidney.  Two of the animals became rapidly anuric 
and showed an extensive necrosis of the renal epithelium, especially that of the 
convoluted tubules.  The remaining animals either showed no toxic effect from 
the injections, or after a short period of albuminuria made a complete recovery. 
Recent studies  ~'s of the  acute nephropathy induced in dogs by uranium have 
shown a  similar variation in the toxicity of this metal for the kidney.  These 
studies have furthermore shown that when the functional capacity of the kidney 
has been reduced by uranium the vascular mechanism retahls its responsiveness 
to various peripherally acting stimuli comparable in degree with that of the nor- 
mal organ.  The lack of functionalresponse has been associated with a variable 
amount of degeneration of the renal epithelium. 
Burmeister, W. H., and McNally, W. D., Acute mercury poisoning.  A par- 
aUel histological and chemical study of the renal and hepatic tissue changes as 
compared with the rapidity of absorption and the amount of mercury present in 
the circulating blood at the time such changes occur, J. Med. Research,  1917, 
xxxvi, 87. 
e MacNider, W. deB., A study of the renal epithelium in various types of acute 
experimental nephritis and of the relation which exists between the epithelial 
changes and the total output of urine, J. Med. Research, 1912, xxi, 79. 
7 MacNider, A  study of the action of various diuretics in uranium nephritis, 
J. Pharra. and Exp. Therap.,  1911-12, iii, 423. 
a MacNider, The vascular response of the kidney in acute uranium nephritis; 
the influence of the vascular response on diuresis, J. Pharm. and Exp.  Tkerap., 
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In later papers,  9a° the observation was made that in acute uranium intoxica- 
tions the severity of the epithelial damage in the kidney shows a correlation with 
the degree of acid intoxication induced by the metal, and, furthermore, that the 
damage to the kidney may in large measure be prevented by the intravenous 
injection of an alkaline solution, 
With these observations in mind the present  study of the  toxicity 
of mercuric chloride has been undertaken with the object of ascer- 
taining the cause of the kidney damage and with the hope that some 
therapeutic agent might be developed that would protect the kidney 
against the toxic effect of this metal.  A preliminary note of this work 
has recently appeared,  n 
EXPERIMENTAL. 
Dogs were used in the experiments which furnish a  basis for this 
study.  The animals were placed in metabolism cages, given 500  cc. 
of water daily by stomach tube, and fed on bread with a small amount 
of cooked meat.  The urine was collected from the cages twice a day. 
Females were catheterized at the second collection of urine in order 
to obtain an accurate record of the total output in a  24 hour period. 
Forty-three of the fifty-six animals used were females.  The animals 
were kept under observation for 3  days prior  to  administering the 
mercury.  During this normal period (Table I) and following the use 
of the mercury the animals were  studied  as  follows:  Hydrogen ion 
determinations of the blood were made by the indicator method of 
Levy, Rowntree, and Marriott.  1~  The alkali reserve of the blood and 
determinations of the carbon dioxide telxsion of alveolar air were made 
9 MacNider, The inhibition of the toxicity of uranium nitrate by sodium car- 
bonate, and the protection of the kidney acutely nephropathic from uranium from 
the toxic  action of an anesthetic by sodium.carbonate, J. Exp. Med., 1916, xxiii, 
171. 
lo MacNider, The efficiency  of various diuretics in the acutely nephropathie 
kidney, protected and unprotected by sodium carbonate.  II, J. Exp. Med., 1917, 
xxvi, 19. 
n MacNider, A studyof the acid-base equilibrium of the blood in acute bi- 
chloride intoxications, Proc. Soc. Exp. Biol. and Meal., 1917, xiv, 140. 
12 Levy, R. L., Rowntree, L. G., and Marriott, W. McK., A simplified method 
for determining variations in the hydrogen-ion concentration of the blood, Arch. 
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by  the  methods  of  MarriottY,  14  The  blood  urea  determinations 
were made by the method of Marshall,  15  following the modification 
suggested by Van  Slyke and  CullenY  The phenolsulfonephthalein 
test for kidney function was conducted according to  the  technique 
devised by Rowntree and GeraghtyY  Quantitative albumin deter- 
minations were  made  by Esbach's  method,  and  the  percentage of 
glucose in the urine was estimated by Benedict's reagent.  The quan- 
titative determinations of acetone were made by Folin's  is method as 
modified by Hart.  19  During the course of the experiments it became 
necessary to ascertain the relation, if any existed, between the elimi- 
nation of mercury by the kidney and the development of the acute 
kidney injury.  In  the absence of satisfactory quantitative tests the 
recently devised qual'tative test of Elliott was used.  s°  The  test is 
both simple and very delicate, and may be employed in a  relatively 
quantitative fashion by noting the amount of mercury deposited on 
gold leaf as an amalgam from a series of urines. 
In order to induce an experimental condition comparable with that 
obtained when mercuric chloride is taken accidentally or for suicidal 
purposes,  the poison was introduced by a  stomach tube.  The ani- 
mals were first given hypodermically 0.25  cc. of a 4 per cent solution 
of morphine sulfate.  Mter the initial excitement and emesis induced 
by the morphine, the animals became partially narcotized.  During 
18 Marriott, W. McK., A method for the determination of the alkali reserve of 
the blood plasma, Arch. Int. Med.,  1916, xvii, 840. 
14 Marriott, The determination of alveolar carbon dioxide tension by a simple 
method, J. Am. Me&Assn., 1916, lxvi, 1594. 
15 Marshall, E. K., Jr., A rapid  clinical method for the estimation of urea in 
urine, J. Biol. Chem., 1913, xiv, 283. 
16 Van Slyke, D. D., and Cullen, G. E., A permanent preparation of urease, 
and its use in the determination of urea, J. Biol. Chem., 1914, xlx, 211. 
17 Rowntree, L. G., and Geraghty, J. T., An experimental and clinical study of 
the functional  activity of the kldneys  by means  of phenolsulphonephthalein, 
f . Pharm. and Exp. Yherap., 1909-10, i, 579. 
is Fglin, O., On the separate determination of acetone and diacetic acid in dia- 
betic urines, J. Biol. Chem., 1907, iii, 177. 
10 Hart, T. S., On the quantitative  determination of acetone in the urine, J. 
Biol.  Chem., 1908, iv, 477. 
so Elliott, J. A., A new and delicate method for the detection of mercury. J 
Am. Med. Assn., 1917, lxviii, 1693. WILLIA3~ DEB. MACNIDER  523 
this period of narcotization the animals were given 15 rag. of mercuric 
chloride per kilo.  A  1 per cent solution was used.  At the time of 
administration the dose of mercuric Chloride was made up to a volume 
of 100 cc. with distilled water.  As a result of the depressed irritabil- 
ity of the animals and the dilution of the dose of the poison, the irri- 
tant effect of the mercury was sufficiently modified to prevent vomit- 
ing in the majority of the animals for a period of 4 hours.  Eight of 
the animals vomited the mercury within an hour after its use.  The 
rest of the animals retained the poison for 4 hours or longer.  Exclud- 
ing the eight animals referred to above, the poison was unquestion- 
ably retained long enough for it to be absorbed and induce its remote 
toxic effect. 
All  the  animals  receiving  mercury  developed  a  gastroenteritis 
which varied widely in severity and duration.  This variation appar- 
ently depended upon the total amount of the poison received by the 
animal and the length of time which elapsed between the adminis- 
tration of the poison and the commencement  of vomiting.  An analy- 
sis of the experiments, from the standpoint of the final outcome of 
the intoxicated animals, permits their classification into four groups. 
The first group is represented by eight animals (Table II, Group I). 
The animals of this group developed an intense gastroenteritiswhich 
was characterized by persistent vomiting of large quantities of fluid 
and by frequent, bloody, mucous stools.  The animals died in a state 
of collapse within 48 hours after receiving the poison. 
The second group of animals  (Table III, Group II) also showed a 
severe local reaction from the mercury.  The vomiting and  stools 
were frequent.  In this series the gastroenteritis showed a  tendency 
to subside during the first 3 days of the intoxication.  All the animals 
died within 7 days from the commencement  of the intoxication.  Six 
died in convulsions.  The remaining four animals died in air-hunger. 
The third group of animals (Table  IV, Group III) showed a mod- 
erately severe gastroenteritis.  During the subsidence of the gastro- 
enteritis,  or several days after the  symptoms of this condition had 
disappeared, the animals showed a  beginning acid intoxication.  The 
hydrogen ion determinations of the blood were variable.  The reserve 
alkali of the blood, however, showed a  depletion and  the tension of 
alveolar air carbon dioxide was reduced.  These changes, indicative 524  MERCURIC  CHLORIDE  INTOXICATIONS 
of a  beginning acid intoxication, persisted from  1  to 8  days.  The 
twenty animals forming this group made a  complete recovery in as 
far as any immediate effect from the mercuric chloride intoxication 
was concerned. 
The remaining  group  of  eighteen  animals  (Table  V,  Group IV) 
showed  a  gastroenteritis which  was  variable  both  in  severity and 
duration.  In all the animals this symptom of poisoning disappeared. 
Following the subsidence of the enteritis, and in three of the experi- 
ments as late as the 9th day, the animals either gradually or rapidly 
developed  an  acid  intoxication,  and,  depending  upon  the  severity 
and duration of this intoxication, became anuric.  Seven of the ani- 
mals died in air-hunger.  From the foregoing outline of the variation 
inthe toxicity of mercuric chloride as shown by the animals compris- 
ing the different groups, it becomes necessary to analyze the effect of 
the poison in the various groups with the  object of ascertaining the 
cause of the variation and the way in which the toxic action of the 
metal is induced. 
Observations  on  Normal Animals. 
The  following observations  on  normal  animals  extended  over  a 
period of 3 days.  The results have been recorded in  Table  I.  The 
number of the experiment in this table corresponds with the number 
TABLE  I. 
Observations on Normal Animals. 
Group 
No. 
I 
I 
I 
II 
II 
II 
III 
III 
III 
IV 
Experi- 
ment No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Urine. 
Cl:o 
418 
330 
381 
681 
492 
891 
271 
508 
320 
381 
Albumin,  Phenolsul-[ 
glucose,  foneph-  ¢  Iood urea, 
acetone.  thaleln. I 
Ipe'cent[ 
l  l 
81 
80 
73 
84 
82 
86 
71 
~et' cent 
0.012 
0.021 
0.013 
0.014 
0.012 
0.012 
0.013 
0.012 
0.012 
0.012 
pn. 
7.35 
7.35 
7.35 
7.5 
7.55 
7.45 
7.3 
7.45 
7.35 
7.45 
R. pH. 
8.05 
8.1 
8.1 
8.1 
8.0 
8.1 
8.05 
8.1 
8.0 
81 
Carbon 
dioxide 
tension. 
45 
45 
43 
44 
42 
43 
41 
45 
42 
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of the animal after it had received the poison.  The observations on 
the various groups of intoxicated animals will be found in Tables II 
to V.  A  study of  the  normal findings contained in  Table  I  shows 
that all the animals were freely diuretic, and that the urine was free 
from albumin, glucose, and acetone bodies.  The centrifugalized  urines 
did  not  show  casts.  The  appearance  of  phenolsulfonephthalein 
in  the  urine  was  not  delayed  longer than  10  minutes.  The  total 
output of the dye in a 2 hour period varied between a minimum  output 
of 69 per cent and a maximum out,  put of 86 per cent.  The percent- 
age of blood urea in all the animals remained very constant, varying 
between 0.012  and 0.021  per cent.  The hydrogen ion concentration 
of  the dialyzed whole blood prior to aeration varied between 7.35 and 
7.55.  After the aeration of the  dialysate  the  reserve alkali  showed 
slight  variation,  8  to  8.1.  The  determinations  of  the  tension  of 
alveolar air carbon dioxide showed a  constancy with that of the re- 
serve alkali determinations.  In as far as  the urine, renal function, 
and acid-base equilibrium of the animals were investigated, the ani- 
mals of all the groups were normal. 
Observations on the Different Groups ofAnimals Intoxicated by 
Mercuric Chloride. 
Group 1. 
The  first  group of  experiments (Table  II)  is represented by the 
animals which died from the intoxication within 48 hours after receiv- 
ing  the mercury.  All the  animals showed a clinical condition com- 
parable wi[h the state of shock and collapse which is obtained in man 
from the use of a  concentrated corrosive poison.  They were unable 
to stand.  The surface  of the body was cold, the tongue and gums were 
cyanotic, the respirations shallow, and the heart beat was fast with 
feeble heart sounds.  The pupils in four of the animals were widely 
dilated  for several hours before death.  The animals  of this  group 
had an intense gastroenteritis, as was indicated by the persistent vom- 
iting of fluid, in two instances streaked with blood, and by the fre- 
quent,  bloody, mucous stools.  The autopsies  showed the usual ef- 
fect of a strong corrosive on the  mucous membrane of the stomach 
and intestine. 526  ~ERCURIC  CHLORIDE  INTOXICATIONS 
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A review of Table II, containing representative experiments from 
this group,  shows that the output of urine is rapidly reduced.  This 
reduction is not associated with a comparably great reduction in the 
elimination of phenolsulfonephthalein.  There is no marked retention 
of blood urea.  In Experiment 2, Table II, the animal formed only 
70 cc. of urine in the first 24 hour period after receiving the mercury. 
The elimination of phenolsulfonephthalein was 77 per cent.  In Ex- 
periment 3 the animal formed 130 cc. of urine in a similar period with 
a phenolsulfonephthalein elimination of 65 per cent.  There is in this 
group a lack of correlation between the ability of the kidney to form 
urine and to secrete phenolsulfonephthalein. The urine has been either 
free from albumin or has contained a mere trace.  In only one ani- 
mal was glucose present in the urine.  The urine of this animal also 
showed a  trace of acetone, 4.6120 rag. per 100 cc.  In this group of 
animals only a slight disturbance in the acid-base equilibrium of the 
blood occurred.  In Experiment 2, Table II, at the end of the first 
24 hours of the intoxication the alkali reserve was 8 as compared with 
a normal reading of 8.1, and the tension of alveolar air carbon dioxide 
was 39 ram. as compared with the normal of 45 mm.  The animal 
diedof shock  6 hours later.  Experiment 3, Table II, shows thegreatest 
disturbance in  the acid-base equilibrium of any of the members of 
the group.  Associated with the reduction in the reserve alkali of the 
blood  the  elimination of phenolsulfonephthalein is  reduced from  a 
normal of 78 per cent to 65, and both glucose and acetone appear in 
the  urine.  At  this  early stage  of  the intoxication only a  trace of 
mercury was found in the urine. 
The animals comprising Group I die in collapse which is apparently 
dependent upon  the  severity of  the  local  corrosive  action  of  the 
mercury in  the  stomach and intestine.  Death occurs before suffi- 
cient  time has  elapsed for  th.e development of  the  kidney injury. 
The reduction in the output of urine is probably dependent upon a 
disturbance in the functional capacity of the vascular mechanism of 
the kidney induced by the deflection of arterial blood away from the 
kidney  to  the  splanchnic  viscera.  The  absence  of  degenerative 
changes in the kidney and the presence of an intense congestion of 
the splanchnic vessels would apparently permit this deduction. 
Pathology of the Kidney.--The  kidneys of  this  group  of  animals 528  ~ERCU'RIC  CHLOR][D:E  INTOXICATIONS 
were  removed immediately after death.  Postmortem changes were 
eliminated.  The kidneys have had a dark cyanotic appearance.  On 
section  the  organs  have  shown  an  engorgement with venous blood 
which has been especially marked at the corticomedullary boundary 
zone and has extended into the medulla in the form of streaks outlin- 
ing  the  return  veins  from  the  venous  arches.  Histologically  the 
glomerular vessels have shown an engorgement with blood.  No exu- 
date or  free hemorrhage has  been observed in the  glomeruli.  The 
endothelial nuclei of the glomerular capillaries have appeared promi- 
nent and stained deeply.  The epithelium of the tubules, especially 
that of the convoluted tubules, has shown an early cloudy swelling, 
consisting in the appearance of albuminous granules in the cytoplasm 
without much increase in the volume of the cells.  The nuclei of the 
epithelium have shown an  increase in  size out of proportion  to  the 
changes in the size of the cells.  No exudate or extravasation of blood 
has been observed in the intertubular connective tissue.  (Fig. 1.) 
Group H. 
The second group of experiments consists of the animals which first 
developed a  severe gastroenteritis, and  then,  during the subsidence 
of the gastroenteritis, developed an acute acid  intoxication with an 
associated anuria.  The animals of this group either died in air-hunger 
or in convulsions. 
A review of the experiments representative of this group of animals 
(Table III) shows that during the 1st day of the intoxication the out- 
put of urine was variable.  In Experiments 4 and 6 a sharp reduction 
in the formation of urine occurred, while in the animal of Experiment 
5  the output of urine was in excess of the average normal secretion. 
In  all  the  animals,  as  the  intoxication progressed, the formation of 
urine rapidly decreased.  The amount of albumin in  the urine was 
slight and is no indication of the severity of the kidney damage.  Six 
of the animals of this group showed both glucose and acetone in the 
urine.  The  glucose  generally appeared  in  the  urine  after  the  ap- 
pearance of albumin.  The appearance of acetone bodies in the urine 
was associated with a reduction in the alkali reserve of the blood.  The 
elimination, however, of these bodies by the kidney does not show a op!xo!p uoq~ 
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parallel with  the reduction in  the alkali reserve.  With the further 
depletion of  the  alkali  reserve,  and  associated with  the  decreased 
elimination of phenolsulfonephthalein by the kidney, a  decrease in 
the output of acetone occurs. 
The elimination of phenolsulfonephthalein was reduced in all the 
experiments.  Th  e degree of reduction in the output of the dye varied 
in the different animals.  There was no correlation between the quan- 
titative output of phenolsulfonephthalein arid the elimination of mer- 
cury by 'the kidney.  In Experiment 4 a heavy amalgam of mercury 
was obtained from the urine of the animal secreted during  the  1st 
day  of  the  experiment,  yet  the phenolsulfonephthalein output re- 
mained high,  71  per cent.  In Experiment 5,  however, with only a 
trace of mercttry in the urine, the output of phenolsulfonephthalein 
was reduced from 80 to 35 per cent. 
The experiments show a relation between the phenolsulfonephtha- 
lein output and the reduction in the alkali reserve of the blood.  The 
animals which showed a  rapid  depletion in  the  alkali  reserve also 
showed a  sharp decrease in the ability of the kidney to secrete the 
dye.  Following the variation in the output of urine which was noted 
in the different animals early in the intoxication, as the intoxication 
progressed all the animals showed a rapid reduction in the formation 
of urine and became anuric.  The anuria in this series of animals was 
not associated with a condition of shock as in the anuric animals of 
Group I.  With  the progressive decrease in the formation of urine 
the gastroenteritis lessened in  severity.  Associated with the reduc- 
tion in the output of urine there occurred a rapid decrease in the elimi- 
nation of phenolsulfonephthalein, a  retention of blood urea, and the 
development of a severe acid intoxicaton.  The animals dying in air- 
hunger showed the greatest depletion of the alkali reserve of the blood 
and the most marked decrease in the tension of alveolar air carbon 
dioxide.  In Experiment 5,  2 hours before death the animal had a 
reserve alkali reading of 7.75 and a tension of alveolar air carbon diox- 
ide of 15 mm.  In Experiment 6 the alkali reserve was reduced to 7.5 
and the tension of alveolar air carbon dioxide to  12 ram.  None of 
the animals of the group survived longer than 7 days. 
Pathology of the Kidney.--The kidneys from this group of animals 
were either removed immediately after death or  the  animals were WILLIAM  DEB. M~CNIDER  531 
killed while in air-hunger and the organs secured for the pathological 
study.  The  kidneys  are  pale  and  swollen.  On  section the cortex 
bulges through the cut capsule.  The cut surface appears pale and 
relatively  bloodless.  The  microscopic  examination  has  shown the 
glomeruli to be in a  fair  state of preservation.  The capillaries are 
not  engorged with  blood.  The  endothelial nuclei are  swollen  and 
stain intensely.  The epithelium of the tubules, except that of the 
junctional tubules, has shown a  remarkable degree of swelling and 
early necrosis.  The swollen cells in many tubules have not only com- 
pletely occluded the lumen of the tubule, but give to the tubule an 
increased transverse diameter.  The nuclei are large and hypochro- 
matic.  In other tubules the nuclei have disappeared, the cells hav- 
ing undergone complete necrosis.  (Fig. 2.) 
Group IH. 
The third group of experiments consists of the animals which re- 
ceived mercuric chloride and, after recovering from the mercury en- 
teritis, developed an acid intoxication and later made a  complete re- 
covery.  In this group of animals which did not develop the severe 
gastroenteritis characteristic of the early stage of the intoxication in 
the two previous groups, the output of urine was not greatly reduced 
(Table  IV).  Albumin was present in  the urine of all  the animals 
with two exceptions.  The amount did  not exceed  1 gm. per  liter. 
With the appearance of albumin in the urine the phenolsulfonephtha- 
lein output was decreased, a  reduction occurred in the alkali reserve 
of the blood and in the tension of alveolar air  carbon dioxide, and 
acetone bodies appeared in the urine.  Usually during the 2rid day 
these changes in the urine and blood had reached their maximum and 
from this point in the experiments the animals showed a  return to 
the normal both in regard to the functional capacity of the kidney, 
and the restoration of the normal acid-base equilibrium of the blood. 
Since this series of animals went to the stage of recovery, a  study of 
the  experiments permits  an  investigation of  the  relation  between 
the elimination of mercury by  the kidney and  the development of 
the kidney injury.  In Experiment 9, Table IV, on the 1st day of the 
intoxication a  heavy precipitate of mercury was  obtained from the 
urine.  The amount of  urine  formed showed  an  increase  over  the 532 
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normal, the elimination of phenolsulfonephthalein showed practically 
no reduction, 86 to 85 per cent, and the  reserve alkali of the blood 
remained unchanged.  On the 2nd day of the experiment the elimina- 
tion of mercury was still heavy, while the formation of urine remained 
nearly  normal.  The  phenolsulfonephthalein  output  was  reduced 
only 10 per cent.  The alkali reserve of the blood was reduced from 8 
to 7.9.  On the 3rd 6ay of the experiment the elimination of mercury 
was greatly increased.  There was,  however, an increased formation 
of urine, 623  cc., the output of phenolsulfonephthalein had returned 
to 83 per cent, the normal output being 86 per cent, and the alkali 
reserve of the blood had returned to  the normal reading.  Experi- 
ments 7 and 8 also illustrate the lack of relation between the elimina- 
tion of mercury by  the kidney and  the  decrease in  the functional 
capacity of the organ. 
Group IV. 
The animals comprising this group developed a moderately severe 
mercury enteritis.  During the enteritis, or following its subsidence, 
the  animals developed an  acid intoxication which varied in degree 
and duration.  In this  respect this group of animals resembles the 
experiments of  Group  III.  The  animals  of  Group  III,  however, 
gradually returned  to  the  normal  and  made  a  complete recovery, 
while the  animals of  Group  IV,  after a  period during which there 
was an attempt to restore the normal acid-base equilibrium, became 
severely intoxicated  and  showed  a  more marked depletion of  the 
alkali reserve than was obtained in the initial acid intoxication.  The 
formation of urine was rapidly reduced.  The animals were anuric 
from 1 to 6 days before death. 
A study of Table V, which gives in  detail  the results obtained in 
one of the  experiments of this  group,  shows  that  the secretion  of 
urine was rapidly reduced~  Associated with the reduction in the out- 
put of urine the animals became albuminuric, and later both glucose 
and  acetone appeared in  the  urine.  The  amount of albumin  was 
small, not over 0.9 gm. per liter.  The glycosuria rapidly disappeared. 
The output of acetone bodies in the urine was associated with a reduc- 
tion in the alkali reserve of the blood but did not show quantitatively 534 
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a parallel with the decrease in the alkali reserve.  As the acid intoxi- 
cation progressed the eliminaton of acetone bodies was diminished. 
The  decrease  in  the  elimination  of  phenolsulfonephthalein is  not 
proportionate to the decreased formation of urine.  In this group of 
animals,  as in  the other groups,  there is more nearly a  correlation 
between the  degree of acid intoxication and the elimination of the 
dye than there is between the output of urine and its  elimination. 
Associated with the reduction in the output of phenolsulfonephthalein 
a retention of blood urea occurs.  The stage of improvement in this 
group of animals was characterized by an increased formation of urine, 
a  decrease and final disappearance of albumin from the  urine, an 
increase in the output of acetone bodies and phenolsulfonephthalein, 
a decrease in the percentage of blood urea, and a return towards the 
normal acid-base equilibrium of the blood.  None of these conditions 
reached the  point  of normality.  From the 6th to the 10th day in 
Experiment 10, the urine was free from albumin, the phenolsulfone- 
phthalein elimination was 48 to 51 per cent, and the reserve alkali 7.9 
to 7.95.  On the 11th day the terminal acid intoxication commenced. 
The following day only 81 cc. of urine were formed.  The urine was 
free  from  albumin.  The phenolsulfonephthalein  elimination  had 
been reduced from 51  to  13 per cent and the alkali reserve was re- 
duced from 7.95 to 7.75.  The animal was anuric the following day 
and died in air-hunger. 
A study of the elimination of mercury by the animals of this group 
is of special interest.  During the entire  course of  Experiment  10, 
Table  V, only a  trace of mercury was found  in  the  urine.  After 
the 4th day of the intoxication the urine was free from mercury.  As 
will be seen by referring to the table, the kidney damage which was 
associated with the death of the animal did not occur until the 11th 
day of the  experiment, 7  days after the urine had been free from 
mercury. 
Pathology of the Kidney.--The kidneys of this group of animals have 
been pale and relatively bloodless.  Extending from the corticomedul- 
lary junction into the cortex are streaks of fatty degeneration.  The 
histological examination has shown the glomeruli shi-unken and not 
infrequently surrounded by an  exudate  of  serum,  fibrin,  and red 
cells.  The endothelium of the glomerular capillaries  has shown an 536  MERCURIC  CHLORIDE  INTOXICATIONS 
advanced  degeneration.  The  nuclei  have  shown  fragmentation. 
The loops  of capillaries are fused together.  The epithelium of the 
tubules has shown an advanced necrosis.  The structure of the cells 
is completely lost.  The tubules are outlined by a structureless mass 
of necrotic material.  The  tubules have frequently been separated 
by an exudate containing red cells and fibrin.  (Fig. 3.) 
SUMMARY. 
A  study of the experiments comprising the first group of animals 
permits the deduction that these animals succumb to the acute poison- 
ing as  a  result of the shock which the poison  induces  through its 
corrosive action in the stomach and intestine.  The animals die before 
the mercury, acting as  such  during its  elimination by the  kidney, 
can induce an acute nephropathy and before the mercury, by inducing 
an acid intoxication, can lead to an acute kidney injury. 
The remaining animals of the series,  Groups II, III, and IV, have 
withstood the corrosive action of the  poison.  These  animals  have 
shown the same type of delayed intoxication from the poison.  The 
intoxication, however, has  varied in  time of  appearance,  duration, 
and severity. 
The animals classified as Group II have developed during the stage 
of improvement from the gastroenteritis a  rapid and severe type of 
acid intoxication, have become rapidly anuric, and have died either 
in a state of air-hunger or in convulsions. 
The animals of Group III, either during or after their recovery from 
the gastroenteritis, have developed a mild grade of acid intoxication. 
During the following days of the experiments the animals succeeded 
in reestablishing their normal acid-base equilibrium.  All the animals 
of this group recovered. 
The animals of Group IV have shown a recovery from the mercury 
enteritis.  Following a period during which there was an attempt on 
the part of the animals to return to normal, as indicated by an increase 
in the alkali reserve of the blood and by an increased output of phenol- 
sulfonephthalein and urine,  the members of the group developed a 
delayed acid intoxication, and, like the animals of Group II, became 
anuric. WILLIAM  DEB.  MAclhX'IDF.R  537 
The animals of all groups which have died from the delayed intoxi- 
cation caused by the mercury have shown  a  severe  type of kidney 
injury which has been characterized by an acute swelling and necrosis 
of  the  renal  epithelium.  All  these animals have either gradually or 
acutely developed a severe type of acid intoxication.  There has been 
a  definite association between the development of an  acid  intoxica- 
tion and  the  delayed kidney injury, and,  furthermore, the animals 
which  have  shown  the  greatest  swelling  and  necrosis  of  the  renal 
epithelium have also shown the severest type of intoxication. 
CONCLUSIONS. 
1.  In  the  acute mercuric  chloride intoxications which have been 
induced in dogs  death has been  due either  to  the shock associated 
with the severe mercury enteritis or to a delayed kidney injury. 
2.  The injury to  the kidney has been constantly associated with 
the development of an acid intoxication. 
3.  The delayed kidney injury is not due to the action of the mer- 
cury as such during its elimination by this organ. 
4.  The manner in which mercuric chloride induces an acid intoxica- 
tion is at present under investigation.  The participation of the liver 
in the intoxication will be considered in this connection. 
EXPLANATION OF  PLATES. 
PLATE 14. 
FIG. 1.  Camera  lucida drawing, Leitz oc. 2, obj. {5.  The figure is from the 
kidney of Experiment 3, Table II.  The glomerulus,  a, appears normal except for 
the deeply staining endothelial nuclei.  The epithelium of the convoluted  tubules, 
b, shows the presence of albuminous granules with little increase in the size of 
the epithelial cells.  The nuclei stain well.  The convoluted tubule epithelium 
at c shows an early swelling  of the cells.  The animal died in collapse associated 
with the corrosive action of mercuric chloride. 
PLATE 15. 
FIG. 2.  Camera lucida drawing, Zeiss oc. 3, obj. 6.  The figure is from the 
kidney of Experiment 6, Table III.  It shows at a the histologically well pre- 
served glomerular capillaries.  The  endothelial nuclei are  swollen and  stain 
intensely.  At b is shown the severe swelling  of the convoluted tubule epithelium 538  MERCURIC  CHLORIDE  INTOXICATIONS 
which has occluded the lumen of the tubule and increased the size of the tubule. 
The nuclei of these cells are large and hypochromatic.  At c are shown tubules 
that have become completely necrotic.  The junctional tubules, d, do not show 
the severe swelling and necrosis which has developed in the more highly specialized 
tubular epithelium.  The animal became anuric from the mercuric chloride in- 
toxication and died in air-hunger. 
PLATE 16. 
FIG. 3.  Camera lucida drawing, Leitz  oc. 2, obj.  6.  The  figure is  from the 
kidney of Experiment  10, Table  V.  It  shows at a  the glomerulus with fused 
capillary loops  containing  endothelial  nuclei  which have undergone fragmen- 
tation.  The  convoluted tubules  at  b have  become completely necrotic.  The 
outline of the tubule  is formed of a  structureless,  necrotic mass.  At c an ex- 
udate is shown  separating the tubules, which consists of serum, fibrin, and  red 
blood cells.  The figure illustrates  the changes in the kidney of the animals of 
Group IV, Table V, which recover from the mercury enteritis  and later succumb 
from the delayed intoxication which is associated with the development of an 
acid intoxication. THE JOURNAL OF EXPERIMENTAL MEDICINE VOL, XXVI I.  PLATE 14. 
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